INTRODUCTION
The mode of chitin synthesis inhibition of diflubenzuron still remains unknown. The chitin synthetase was reported to be insensitive to the insecticide based on studies using the insect integumental enzyme preparations in Trichoplusia ni and Hyalophora cecropia1) and using the midgut or whole body enzyme preparations in Tribolium castaneum,2) Stomoxys calcitrans3,4) and Mamestya byassicae.5,6) However, the enzyme from brine shrimp,7) Lucilia cuprina and two other species of Diptera8) was inhibited by the insecticide. Other hypotheses have been proposed including an inhibition of a proteolytic enzyme required for activation of the enzyme from a zymogen f orm9) and an inhibition via active metabolites formed in the integument or as blocking agent by direct binding to non-chitin synthetase site important in chitin polymerization and flbrillogenesis.2) We proposed, in the previous paper,10) another mechanism that the insecticide may disrupt UDP-N-acetylglucosamine transport across biomembranes in the midgut epithelial cells.
In this paper, we report the effect of diflubenzuron on UDP-N-acetylglucosamine transport across the microvilli membranes examined by using the midgut epithelial cells as a target.
MATERIALS AND METHODS

Experimental Animals
Cabbage armyworm larvae, Mamestya byassicae L., were reared under sterile conditions11) at 25C under a long day (18L:6D) photoperiod regimen. The newly molted final instar (6th instar) larvae were supplied to the experiments as previously reported.10) These compounds were dissolved in distilled water. This stock solution was then added to the medium to give the desired concentration. Other chemicals were all reagent grade.
3. Determination of 14C-UDP-AGA and 14C-Chitin The midguts were incubated in the Grace's medium in the presence of 14C-AGA. After incubation, 14C-UDP-AGA in the tissues and medium was measured as previously reported6) with a slight modification.
14C-UDP-AGA in the tissues
The midguts (6-10 midguts in a group) were homogenized in 25ml of chilled 5% trichloroacetic acid (TCA) on an ice bath after having been rinsed with 5 ml of chilled water which was combined with the medium (5ml). The homogenate was centrifuged at 2000x9 for 10min, then the pellets were rinsed with another 25ml of chilled TCA. The combined supernatant was washed 4 times with 50ml of diethyl ether to remove TCA, and 500mg of charcoal was added to it. The charcoal was collected by centrifugation at 10,000xg for 10 min and washed 6 times with chilled 0.1% acetic acid solution and twice with chilled distilled water.
The 14C-UDP-AGA was extracted 3 times from the charcoal with 5ml of NH4OH in 5000 EtOH. One ml of the extract was withdrawn and added to 15 ml of Aquasol for liquid scintillation counting (Packard Tri-Carb 460 CD). The remainder of the extract was dried by lyophilization. To the residue, 50ul of distilled water was added and submitted to thin layer chromatography (Avicel SF) in solvent system consisting of isobutyric acid-1 N NH4OH (5:3) with an authentic UDP-AGA. Radioactive area on the chromatogram was detected by thin layer chromatogram scanner (Aloka Model TRM-1B).
14C-UDP-AGA in the medium
The combined medium (5ml) and the water above (5ml) were collected to a centrifuge tube and 10ml of 10% TCA was added to it. After centrifugation, the amount of 14C -UDP-AGA in the supernatant was determined by the same procedure as above.
Chitin
The chitin contents in the TCA insoluble pellets from both tissue homogenate and the medium were determined as previously described.12)
Analysis of Phospholipids
Twelve midguts in a group were incubated for 18hr in the Grace's medium containing O.1pCi/mi of 14C-acetic acid with or without lag/ml of diflubenzuron. Lipids were extracted from the tissues by the method of Bligh and Dyer.13) The extract was concentrated to a small volume under reduced pressure and submitted to thin layer chromatography (silica gel H) in petroleum ether. The fraction consisting of phospholipids (origin of the chromatogram) was scraped off, extracted again by the same procedure as above and submitted to thin layer chromatography using solvent system consisting of CHCl3-MeOH-CH30OOH-H2O (25:15:4:2).
The radiolabeled compounds on the chromatogram were located by an autoradiographic technique and each radiolabeled fraction was scraped off into a liquid scintillation vial containing 15 ml of Aquasol for scintillation counting.
Incubation Procedures
The in vitro incubation procedures were the same as previously reported.14,15) The midguts from the final instar larvae within 3hr after moult were used. In the experiment for UDP-AGA transport, the following technique was devised. As shown in Fig. 1 , the midguts were turned inside out by using a pin and forceps. The one end was ligated with cotton thread, 0.075aCi 14C-AGA (1.29nmol/midgut) was injected into it and the other end was also ligated. The sample midguts thus turned (20 midguts in a group) were incubated for 2hr in 5 ml of the Grace's medium with or without chitin synthesis inhibitors, diflubenzuron and polyoxin D (Inside application).
The ligated turned-out midguts without injection of 14C-AGA were also incubated for 2 hr in 5ml of the Grace's medium containing 0.1aCifml 14C-AGA or 14C-UDP-AGA with or without the inhibitors (Outside application). The 14C-UDP-AGA in the medium as well as in the tissues, and 14C-chitin were separately analyzed as above.
RESULTS
1. Accumulation of 14C-UDP-AGA in the Diflubenzuron-treated Midguts Two midguts were incubated for 18 hr in 0.5ml of the Grace's medium containing 0.1 uCi/ml 14C-AGA with or without 1ug/ml diflubenzuron. Three incubations (6 midguts) were combined and the radiolabeled UDP-AGA and chitin in the tissues were analyzed. As shown in Table 1 , 14C-UDP-AGA was found to accumulate in the diflubenzuron-treated midguts about 1.7 times as much as in the control midguts. Chitin synthesis was almost completely inhibited in the treated midguts.
Effect of Diflubenzuron on Phospholipid
Synthesis in the Mddguts Four spots of phospholipids were detected on the chromatogram from both the diflubenzuron-treated and the untreated samples. The Rf values of spot 1 and 3 corresponded to those of phosphatidylcholine and phosphatidylethanolamine respectively, although no further experiments were done for identification of each phospholipid. As shown in Table 2 , no difference in phospholipid composition was observed between the diflubenzuron-treated and the untreated midguts.
Inhibitory Effect of Diflubenzuron on UDP-
AGA Transport across the Microvilli Membranes As shown in Table 1 , diflubenzuron did not block the formation of UDP-AGA from AGA in the tissues but accumulation of UDP-AGA was observed. When the turned-out midguts (20 midguts) were incubated in 5 ml of Grace's medium containing 14C-UDP-AGA (0.1uCi/ml) with or without inhibitors, chitin synthesis in the turned-out midguts was blocked only by polyoxin D as shown in Table 3 . Therefore, it seems important to check whether or not 14C -UDP-AGA appears inside the midguts across the microvilli membranes (chitin syn- thesis occurs on this side) in the presence of diflubenzuron, when 14C-AGA, a precursor of 14C-UDP-AGA, is applied to the other side or the same side of the midguts. To this end, the following experiments were carried out. The midguts were turned inside out and 14C-AGA was applied either inside or outside the turnedout midguts as shown in Fig. 1 . When 14C-AGA was injected inside the ligated turnedout midguts, the amount of 14C-UDP-AGA was about 3 times higher in the medium containing polyoxin D than in the medium containing diflubenzuron (Table 4 ). The reason why the amount of 14C-UDP-AGA in the control medium was comparatively small may be that the produced 14C-UDP-AGA was utilized for producing chitin by chitin synthetase. The amount of radioactivity incorporated into chitin in the diflubenzuron-treated tissues was about 1/6 of that in the control tissues. The total radioactive compounds transported through the microvilli membranes (A +B in Table 4 ) in the diflubenzuron-treated tissues was about 1/4 of the control tissues and half of the polyoxin D-treated tissues. On the other hand, 14C-UDP-AGA in the tissues was found to accumulate in the diflubenzurontreated tissues about 1.6 and 1.4 times as much as those in the control and the polyoxin Dtreated tissues, respectively. When 14C-AGA was applied outside the ligated turned-out midguts, similar trends were observed (Table   Table  1 Effect of diflubenzuron on 14C-UDP-AGA accumulation and 14C-chitin formation from 14C-AGA in the midguts of final instar Mamestva brassicae larvae. a) Rf value on TLC corresponded to that of phosphatidylcholine. b) Rf value on TLC corresponded to that of phosphatidylethanolamine. Table 4 Analysis of 14C-chitin and 14C-UDP-AGA in the medium and the midgut tissues after 14C-AGA was applied by the inside application method (See Fig. 1 for the method).
5). In this case, the amount of 14C-UDP-AGA in the control medium was only slightly higher than in the diflubenzuron-treated medium. However, the total amount of the radioactive compounds transported across the microvilli membranes in the control tissues was twice as much as that in the diflubenzuron-treated tissues.
DISCUSSION
In a previous paper,10) we reported the following results. "Chitin synthesis in the peritrophic membranes was inhibited by diflubenzuron and polyoxin D when they were applied either inside or outside the midguts. When 14C-AGA was used as a precursor, both inhibitors blocked chitin synthesis. When 14C-UDP-AGA was applied outside the midguts, diflubenzuron inhibited chitin synthesis.
However, when 14C-UDP-AGA was given inside the midguts, diflubenzuron did not block chitin synthesis whereas polyoxin D inhibited it." It was also observed, as shown in Table 3 , that chitin synthesis was blocked only by polyoxin D in the turned-out midguts when 14C-UDP-AGA was applied outside the turned-out midguts (chitin synthesis occurs on this side). Here we inspect the following three possible explanations of the inhibitory effect of diflubenzuron on chitin synthesis. The first possiblility is that diflubenzuron blocks UDP-AGA formation from AGA in the epithelial cells of the midguts.
Accumulation of 14C-UDP-AGA, however, was observed and several similar results have been reported with insect integuments in Musca,16) Oncopelutus, 17 Manduca and Mamestra.5,6) Thus, UDP-AGA formation from AGA is not blocked. A second possibility is that diflubenzuron blocks the synthesis of phosphatidylcholine and other phospholipids which are important components of biomembranes, and as a result, diflubenzuron disrupts the membrane function in the same way as organophosphorus fungicides such as IBP and edifenphos.18,19) Our data shown in Table 2 showed no difference in phospholipid composition between the normal and the treated midguts.
Neither was inhibition by diflubenzuron found in the synthesis of phosphatidylcholine by using [methyl-14C) methionine as a precursor (data not shown). Thus, these two hypotheses were inconsistent with the experimental results on the inhibitory effect of diflubenzuron.
A third possibility is that diflubenzuron blocks the transport across the biomembranes of UDP-AGA which is formed from AGA in the epithelial cells. In fact, diflubenzuron did not block chitin synthesis when UDP-AGA was directly applied to the face of microvilli membranes. On the other hand, polyoxin D blocked chitin synthesis even when UDP-AGA was applied to the outer face of the microvilli membranes. This polyoxin D function should be due to the inhibition of chitin synthetase itself which seems to locate on the outer face of the biomembranes. At first, we tried to analyze 14C-UDP-AGA appearing inside the midguts, both ends of which were ligated and incubated in the presence of 14C-AGA. However, it was almost impossible to take out the contents of the midguts. So the new technique was devised as shown in Fig. 1 . The results in Tables 4 and 5 lead to the conclusion that the mode of action of diflubenzuron seems to be the inhibition of UDP-AGA transport Table 5 Analysis of 14C-chitin and 14C-UDP-AGA in the medium and the midgut tissues after 14C-AGA was applied by the outside application method (See Fig. 1 for the method) .
through the biomembranes.
The integumental chitin synthetase in Lucilia was reported to be only partially inhibited by both polyoxin D and diflubenzuron.8) It was suggested that since more than one type of labeled product was being formed from 14C-UDP-AGA in the Lucilis homogenate, the synthesis of one (or more) of these was insensitive to polyoxin D. Our preliminary experiment showed that UDP-AGA was bound to the brush border membrane vesicles from the Mamestra midguts.
And the binding was partially blocked by both polyoxin D and diflubenzuron. From these results, it is presumed that there exists a UDP-AGA transporter in the microvilli membranes and diflubenzuron inhibits the action of the transporter, although the inhibitory mechanism is still obscure. On this hypothesis, a study on the microvilli membranes is under way.
